mn*®&nif (jp) 02) £t fH 4# it 3^ (A > (n)^wms^ra## 

#^§2002-110780 
(P2002-110780A) 

(43)&IB B ¥JEgU4*f 4 n 12 B (2002. 4. 12) 

(5i)inta. 7 mmn fi ?-73-n##) 

H 0 1 L 21/76 H 0 1 L 21/76 L 5 F 0 3 2 



SMtsR W H3R*<D«10 OL fl-SSffllg (£ 15 H) 



(21)tBH#^ 


!ftB2000-286177(P2000-286177) 


(71)ffl®A 


598131580 










(22)fflSB 


¥/£l2# 9 ^ 20 B (2000. 9. 20) 




























-&jstftt!si , T«iS4bii8SHa5i2as 7 m 






(72)&9!# 


m tm 














(72)3S9Mf 


m mm 














(74)«8!A 


100104156 



















(54) \sm<D&m z/*v-hu>*y^vu-zsa>mm<Dmkij& 



(57) [*«)] (fcjE*> 

[KJB] J 3 >SSlcJ:»«)ft tl: < ^ S T 1 ^)Ki 

h U-v>^ h^-yt"7^^i|:7^^ 10 4a £ttT£ 
l£U MMfc'<y Kg 10 2 a&tfS^l O O £^5/^>- 

11 1 1 2«rML h l/^f ^»«lca^tfo ZLtogL 

f%-VT~ — /uSrfr^S 1 07^ V u — v-a v^l l 2(7) 
tT^ST I ^S*t5, 




0 1F 



1 

Streams' K*±fc-*****#dt-t-6IS4:, 
MCSfil^ Wish i/vflc»LtW«ilc*ftftJi 

iijfs^ io7-f y u~ v'a yfl&wtijifim2 ^r-Y y u- 
[«*«2] Miami ^r-r y */* >m<z>##\* 

[»*JS5 ] (HUB* i 07^ y ^ 3 yliWt 

i fciaaoatfe. 
[flt*JK6 ] Hfif5m2<DX-< y u-^gyiiiM^ 

[»*JB7 ] Steffi 2 O 7^ y lx-$/g 

j»s ft «t o * n ^ - £ *r»« £ -r * t» 
l ^iB«o*-ife 0 

[M3R4I9] MIS h i^^ofiEffiJ^iWlBSS 1 ^7^ 
R**i£iaaft>*&. 

[»3ft3Si o] ffiiB»«{fcxattr-~/uxa&*&tfc 

[0 0 0 1 ] 



(2) 2002-110780 • 

2 

y > a ^*«*r«at-rs*fe^B8f So 

[0 0 0 2] 

* ^ + 1 y 7^5g|:i S^t B« t5 r^Y 
*lc5&SiLft^J; 5Jct-Sfc«){cr^ y f-v-a v«« 
S:RIU B KW^^^Ar^^^IBS^S (DRAM) 
{C*5t>r, flttttff»*h7y^^ (FET) I3> 
FETM<7?fflnS«£«:6&<rfc«>(cr-Y V va* 

io *>» a^mmmtm (locos^is) 

l/^il, IS(7)l^(7)f^Y^l^bfcoT7-f yu-v' 
a^**^RtfbJxS. LOCOS^lfeftgt^^ 
^T^f:/:^ ::<£>#Sfctt % r/^^OT^ y U-v- 

O-ot'fcSo L*>U LOCOS»iftt:^V^fcH 

»£*/<-;*r-*fcj:5«*#£*;h,S. **a^^ 
^^(c*5t>rji, 7>r y u-v-a s^—xtr 

«>, T-f y u— >a >-a*tt»*Wfc^'W;*fc$Hltr 

[0003] t*o7^f y i/-^gy«««:»filct5i 
^ntv't^h^wo^Hy (st 

I : S h a 1 1 o w Trench Isolatio 
n) 6. ST**^****?*^^*© 

«IT7^ y u~v-a yffl«l:Mt5C^a t? 
n-huvf7^yu-^ 3 yil (snil) 
^^60 STi«Hi**4oWPWirk5, * 
ln'&mn locos ^ coif 

[0 0 0 4] b^b, ^(DST Iit(Cio^Tt)^< 

<bXa*rtTir\ ^^«<b*W««9F« (CMP) xa* 

fK*w««w»xa*rfirt\ zv&mmtJLm&ft^x 

ftXai-J:or^»3ftS^C-S. ^!)3Vifii:8{^y 
{cfe^s^, y-^x Ki/^y«oK^y 



3 

[0005 1 «9!<d$E® 

1 cDT-f y u — fa ^m\^%2 <DT <{ y 3 >Jf£ 

[0 0 0 6 ] f KOT'f y is— is a yl^^^igCfc 
or-f y i^— >a >JB£ h u>^»p«#?gj#£i'tSo 

[0 0 0 7 ] »±0-«WfeRWAt^£JlTW»lBftRM 

[0008] ««^»»4R« 
gJlTt-, *»HO»a**l|[0««feRWL, 

[0009] n i aj6^h i f fi , mfamm 

So 

[0010101 AfcL*5<^T, S^Ila yf/^ £*Og;f£ 1 

0 o SC 1 o o h\zWt<£'* v KS l 0 2 & 
Mt^o BMfc'* y K110 2 ttgte 10 0 a>«»£/8 
^btlZo ■M5'<2? KJB 1 0 2 _bfcIv;**Ji 10 4 
it5 0 ^ Hi 0 4 y a Vfcttf. 

1106 &Mtfz-tZ* 
[001 1] 11 BfC£>I^T\ 7* V \si>* M106 

IMfc'<s> K« 1 0 2£tf£tRl 0 O^x^f y^'t6 0 
BMfc'** KSl 0 2a^St5c S«l OOiC, 

h l^^f 1 0 8 h U^f 1 0 8 ^t5 0 7* 

h hll06 £ri$3r-f £ e 

[0012] m 1 CIC:fc^T, S^l OOifCF L^>^ 

1 o 8^jcstw-rsK<t7>r^— Jii i o&jgj*-*-*. 

So £t£_bt-f§i or ^ y -v-a y|112 &7gJ« 



(3) 2002-110780 

4 

»^ 3 yli ootth >v^i o 8lc^LnfWl:^ 
^T*£>s e f i o7>f y i/->a >I i i 2 of Sliff 

£ L< 13 1 0 O^^* h n— A hU>f 108 

*>¥&0>fS£0>tto-?&&o h is>^i 0 8fc h u>^BJ 
Q»114S:Wt5. |l?)7^yi/-^3yill 

>ll 1 2 b< tt«ffifk*«ttfifc*SSfe (APCV 

D) , Sffitt¥SMlJ*ft4fc (LPCVD) 
7Xv{^g^lif^ (HDP-CVD) laotM 

a yfl 1 2CD3£&£ie#>£ 0 *B&ffcXgtf>i&*tt#S 
L< lift 9 0 O^^ib 12 0 OttfcSo 
[00131 f 1 OT y \s— is a 112 <DM^ 

yf I08(:hi/yfla^ii4«^6, rco 

^feTtt. S«100i*iO7^Vt — ^gyill 

[0014] hidkish^t* B i or-r y v'a v 

111 2±\ZMZ <OT 4 y ^3 VJI 116 
L, huyf i0 8^^l:lfcf o m2(OT<< y Is- 
is a >-« 1 16 l*«;itfttffiffc**fflja*tt, «JE{fc* 
^iMftXI^^I^7X-7«^|fi)jfft (HDP 
-cvd) (cJ:otI^t5 6 
[0015] hieic&^t, iioro^v'ay 

111 2RXf% 2 COT -Y y — a yf 116 O— SB 

ttfft^atwBisfeiaoti^^yts. mio 

T y v-g VJI 1 1 2 £>b$cofcM 1 <or 4 y 
^a >ii 112a £7^#C-t-£o IK 2(7)7^ y is— is a is 
MW 6*^80^2(^)70^^3 >ill 16a 
SrMtS. ■7^^1ioSl^7>fy^v'3 
1 1 2 OT-Y y — is a >J§ 116 12^ y 

l©7-fy U~ v-3 VI 112a 23:^^2 ©7^yi/- 
ix3 >Ji l l 6 a ^Mtl)c 
^ [00161 Bl FlC^^t, -7^^1104^?:^ 

^tks^ (H3PO4) \zx vmiz-tz* mt'+yvm 

10 2a ^^t5o ® 1 OT^ y is—isa V 

Ml I 2 eLRVt%2COT-fyi'—is3>'Sl 1 6 a CD— 
£B£rl&£ LTf 1 <DT4 y \s — iSB >f§ 112 b^t/^ 

2 07^ y L — v's ^II 1 6 b IrMt^o ^ttlcd: 

5 st i mmzitm-tZo 

[0 0 17] #36 ^©|SIXIi*4d^Mt5 
5^ T, **Wtt&TO»WI»3jtoffiHXV-to*&*i6Hi- 



(4) 



2002-110780 



[Hi] iiA^biicil 3Jtt»»fc« 
[izJBiD^feHiFtt, 



[Hi J 



[02] 



108 



114 













/-1 06 
/-104 


[ 100 


^102 



B 1A 



108 



100 



/-104o 
M02o 



B 1B 



114 



-11Z 
-104a 

-102o 



"0 100 



1C 



112b 



116b 




110 



"0 too 



-116 

-112 
-104a 

%102o 



IS 1D 




■ 1E 



"0 100 [ 



0 1F 



F ^ — A 5F032 AA34 AA44 AA45 AA70 AA77 

CA17 CA20 DA02 DA03 DA04 
DA24 DA33 DA74 



(5) WM2 002-110780 

METHOD OF FABRICATING SHALLOW TRENCH ISOLATION STRUCTURE 



WHAT IS CLAIMED IS: 
( 

1. A method of fabricating a shallow trench isolation structure, comprising steps 

of: 

forming a pad oxide layer on the substrate; 
forming a mask layer on the pad oxide layer; 

patterning die mask layer, the pad oxide layer, and the substrate to form trenches 
. in the substrate, wherein the trenches comprise a smallest trench; 

forming a first isolation layer over the substrate to fill partially the trenches, 
wherein the first isolation layer is substantially conformal to the trenches; 

performing a densification step; 

forming a second isolation layer on the first isolation layer to fill completely the 

trench; 

removing a portion of the first isolation layer and the second isolation layer until 
the made layer is exposed; and 

removing the mask layer and the pad oxide layer. 

2. The method of claim 1, wherein a material of the first isolation layer 
comprises silicon oxide. 

3. The method of claim 1, wherein the first isolation layer is formed by 
atmospheric-pressure chemical vapor deposition. 

4. The method of claim 1, wherein the first isolation layer is formed by low- 
pressure chemical vapor deposition. 

5. The method of claim 1, wherein the first isolation layer is formed by high- 
density plasma chemical vapor deposition. 
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6. The method of claim 1, wherein a material of the second isolation layer 
comprises silicon oxide. 

7. The method of claim 1, wherein the second isolation layer is formed by 
atmospheric-pressure chemical vapor deposition- 

8. The method of claim I, wherein die second isolation layer is formed by low- 
pressure chemical vapor deposition. 

9. The method of claim 1, wherein a thickness of the first isolation layer on a 
bottom of the trenches is between 100 angstroms and a half width of the smallest trench. 

10. The method of claim 1 > wherein the densification step comprises annealing. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a semiconductor fabricating method. More 
particularly, the present invention relates to a method of fabricating an isolation region. 

Description of the Related Art 

An isolation region is formed in an integrated circuit for the purpose of 
separating neighboring device regions of a substrate and preventing the carriers from 
penetrating through the substrate to neighboring devices. In a dynamic random access 
memory (DRAM) device, for example, the field effect transistors (FETs) are isolated 
from each other by isolation regions in order to prevent current leakage among the FETs: 
Conventionally, local oxidation of silicon (LOCOS) technique is widely utilized in the 
semiconductor industry to provide isolation regions among the various devices in the 
substrate. Since the LOCOS technique has been used for quite a period of lime, it is 
one of the most reliable and low-cost method for fabricating the device isolation regions. 
However, there are still some difficulties in the LOCOS process,. These include 
internal stress generation and bird's beak encroachment. For a highly integrated 
device, the problem of bird's beak encroachment by the isolation regions is especially 
difficult to avoid. Thus the isolation regions cannot effectively isolate devices. 

Shallow trench isolation (STI) technique is the other conventional method of 
forming isolation regions. An STI structure is formed by first anisotropically etching 
to form a trench in the substrate, and then depositing oxide in the trench to form an 
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isolation region. Since an STI structure is scaleable and has no bird's beak 
encroachment problem a$ found in the conventional LOCOS technique, it has become 
widely used for forming sub-micron CMOS circuits. 

However, some drawbacks still occur in the conventional STI structure. In the 
conventional STI fabrication process, a silicon oxide layer is formed to fill a trench after 
a liner layer is formed on the trench. A densification step is first performed at a high 
temperature and then a chemical-mechanical polishing step is performed to remove a 
portion of the silicon oxide. Or, the chemical-mechanical polishing step can be first 
performed and then the densification step is carried out. However, both of the above 
procedures form defects during the densification step. Because of the thermal 
expansion coefficient difference between the silicon substrate and the silicon oxide, the 
defects, such as defect lines, easily form in the substrate. Dislocation, which is one 
kind of defect line, commonly occurs. Once the dislocation extends into the 
source/drain region, dopants in the source/drain region easily diffuse along the 
dislocation. Thus, current leakage and bridging effects are likely to occur. The 
device quality thus is degraded. In a highly integrated circuit, the foregoing drawbacks 
become significantly serious and cause device failure, which degrades the product 
quality. 

SUMMARY OF THE INVENTION 
The invention provides a method of fabricating a shallow trench isolation 
structure. A mask layer is formed on the substrate. The mask layer and the substrate 
are patterned to form trenches in the substrate. The trenches comprise a smallest 
trench. A first isolation layer Ls formed on the mask layer to fill partially the trenches. 
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A densification step is performed. A second isolation layer is formed on the first 
isolation layer to fill the trench. The first isolation layer and the second isolation layer 
are removed until the mask layer is exposed. The mask layer is removed. 

In the step of forming the first isolation layer, because the trench is not fully 
filled, the trench opening is formed in the first isolation layer. In this manner, the 
stress, which is caused by the difference in thermal expansion coefficient between 
substrate and the first isolation layer, is released through the trench opening. The 
defect formation, the current leakage, and the bridging effect do not occur. The device 
feilures do not happen, either. The product quality thus is improved 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings are included to provide a further understanding of 

the invention, and are incorporated in and constitute a part of this specification. The 

drawings illustrate embodiments of the invention and, together with the description, 

serve to explain Ac principles of the invention. In the drawings, 

FIGS. 1A through IF are schematic, cross-sectional views showing a method of 

fabricating a shallow trench isolation (STI) structure according to one embodiment of 

the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will new be made in detail to the present preferred embodiments of 
the invention, examples of which are illustrated in the accompanying drawings. 
Wherever possible, the same reference numbers are used in the drawings and the 
description to refer to the same or like parts. 

FIGS. I A through IF are schematic, cross-sectional views showing a method of 
fabricating an STI structure according to one embodiment of the invention. 

In FIG. 1A, a substrate 100, such as a silicon layer, is provided. A pad oxide 
layer 102 is formed on the substrate 100. The pad oxide layer 102 is used to protect 
the substrate 100. A mask layer 104 is formed on the pad oxide layer 102. The 
material of the mask layer 104 comprises silicon nitride. The mask layer 104 is 
formed by, for example, chemical vapor deposition. A patterned photoresist layer 106 
is formed on the mask layer. 

In FIG. IB, an etching step is performed with the photoresist layer 106 saving 
as an etching mask. The mask layer 104 is etched to form a patterned mask layer 1 04a. 
The pad oxide layer 102 and the substrate 100 are etched with the mask layer 104a 
serving as a mask. A pad oxide layer 102a is formed. Trenches 108 comprising a 
smallest trench 108 are formed in the substrate 100. The photoresist layer 106 is 
removed. 

In FIG. 1 C, a liner oxide layer 1 10 is formed on the substrate 1 00 exposed in the 
trenches 108. The liner oxide layer 1 10 is formed by, for example, thermal oxidation, 
A first isolation layer 112 is formed over the substrate to fill partially the trendies 108. 
The first isolation layer 110 is substantially conformal to the trenches 108. The 
thickness of the first isolation layer 1 12 preferably is between 1 00 angstroms and a half 
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width of the smallest trench 1 08. A trench opening 114 is formed in the trenches 108. 
The material of the first isolation layer 1 1 2 comprises silicon oxide. The first isolation 
layer 112 preferably is formed by atmospheric-pressure chemical vapor deposition 
(APCVD), low-pressure chemical vapor deposition (LPCVD), or high-density plasma 
chemical vapor deposition (HDP-CVD). A densification step, such as an annealing 
step, is performed. The densification reduces interfile charges and densifies the first 
isolation layer 1 12. The temperature of the densification step preferably is about 900 
o Gtol200°C. 

In the step of forming the first isolation layer 1 1 2, because the trench is not fully 
fiJled, the trench opening 114 is formed in the trench 108. In this manner, the stress, 
which is caused by the difference in thermal expansion coefficient between substrate 
100 and the first isolation layer 112, is released through the trench opening. The 
defect formation, tile current leakage, and the punch-thorough problem do not occur. 
The device failures do not happen, either. The product quality thus is improved. 

In FIG. ID* a second isolation layer 116 is formed on the first isolation layer 1 12 
to fill completely the trenches 108. The second isolation layer 116 is formed by, for 
example, atmospheric-pressure chemical vapor deposition, low-pressure chemical vapor 
deposition, or high-density plasma chemical vapor deposition (HDP-CVD). 

In FIG. IE, a portion of the first isolation layer 112 and the second isolation 
layer 116 are removed by 9 for example, chemical-mechanical polishing with the mask 
layer 1 04a serving as a etching stop. A first isolation layer 1 12a, which remains from 
the first isolation layer 1 12, is formed. A second isolation layer 11 6a, which remains 
from the second isolation layer 1 16, is formed. Besides, the first isolation layer 1 12 
and the second isolation layer 1 1 6 on the mask layer can also be removed by performing 
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chemical-mechanical polishing together with etching to form the first isolation layer 
1 1 2a and the second isolation layer 1 1 6a. 

In FIG. IF, the mask layer 104a is removed with a H 3 f0 4 solution. The pad 
oxide layer 1 02a is removed. Meanwhile, a portion of the first isolation layer 1 12a and 
the second isolation layer 1 16a are removed to form a first isolation layer 1 12b and a 
second isolation layer 1 16b. An ST1 structure is formed. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made to the structure and the method of the present invention without 
departing from the scope or spirit of the invention. In view of the foregoing, it is 
intended that the present invention cover modifications and variations of this invention 
provided they fall within the scope of the following claims and their equivalents. 
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ABSTRACT OF THE DISCLOSURE 
A method of fabricating a shallow trench isolation structure is described. A 
mask layer is formed on the substrate. The mask layer and the substrate are patterned 
to form trenches in the substrate. The trenches comprise a smallest trench. A first 
isolation layer is formed on the mask layer to fiU partially the trenches. A 
densificaiion step is performed. A second isolation layer is formed on the first 
isolation layer to fill completely the trench. The first isolation layer and the second 
isolation layer are removed until the mask layer is exposed. The made layer is 
removed. 



